Background: Although fractures of the distal radius are a common clinical presentation, many factors affect instability of these injuries. The aim of this study was to assess the influence of age, sex, distal radial ulnar joint injury (DRUJ), ulnar styloid fracture, and dorsal displacement in late collapse of distal radius fractures. Methods: Three hundred twenty-nine patient fractures were measured for dorsal tilt, radial inclination and ulnar variance after reduction and 2 months later. Reduction loss was analysed statistically against variables like DRUJ involvement, ulnar styloid fractures, age, sex, and AO classification. Results: After two months there was loss of reduction in 171(51.9%) cases. Loss of reduction was related to age, AO classification, involvement of DRUJ, ulnar styloid fractures and initial displacement. Conclusions: Factors such as age, associated DRUJ injury, ulnar styloid fracture are predictive of loss of reduction. Knowing these predictor factors, can aid in decision regarding treatment methods.
INTRODUCTION
There has been no consensus for treatment of distal radius fractures since 1814, when Abraham Colles described such fractures 1 . Conservative treatment with casting is not satisfactory in many cases. Trumble at al 2 reported loss of reduction a few weeks post initial treatment, despite excellent reduction in anatomic position. This is an important problem because malunion of distal radius fractures can lead to posttraumatic arthritis, mid carpal instability and pain 3 .
Conservative treatment of minimally displaced and stable fractures of the distal segment of the radius typically results in a good outcome but the treatment of severely displaced and unstable fractures has remained controversial. It is well known that there exists a strong correlation between anatomic reduction and the radiocarpal joint function 4, 5 .
There are a number of treatment methods ranging from internal to external fixation techniques that are used to restore and maintain the radiographic position until union of the fracture 6 .
Fractures of the distal radius continue to be commonly seen in Emergency Departments; further, conservative treatment continues to be the most commonly chosen modality. Typically, fractures that are not stable after reduction or at one week following immobilization are treated surgically. Several surgical techniques are available and their use depends on the type of fracture.
Importantly, a number of fractures that seem stable after reduction and immobilization show loss of reduction after 5-8 weeks. The aim of this study is to investigate if loss of reduction after conservative treatment is significantly associated with age, sex, ulnar styloid fractures, AO classification and/or distal radial ulnar joint (DRUJ) involvement.
MATERIALS AND METHODS
Patients who underwent conservative treatment for distal radius fractures in our department from 2006-2009 were included in this retrospective study. The exclusion criteria were fractures not primarily reduced under acceptable anatomic criteria, early unstable fractures that lost reduction within one week and paediatric fractures. Fractures were classified according to AO classification 7 .
Reduction was accomplished by manipulation (Charnley technique 8 ) and initially immobilised with a cast splint and later with a below elbow full arm cast. All fractures were reduced according to acceptable anatomic criteria: radial tilt >10˚, ulnar variance 0 mm, palmar tilt >0˚, no intraarticular displacement more than 2mm.
Length of immobilisation was 5-8 weeks. Radiography was performed before and after reduction and at 7, 20, and 42 days to evaluate healing. Fractures that lost reduction in one week were considered unstable and therefore excluded from the study. Late collapse was seen after 7 weeks of immobilization. Such late collapse was evaluated by radiographs taken at 2 months. Volar tilt, radial tilt and ulnar variance were measured on plain radiographs 9 . Other variables studied were age, sex, fracture type (AO), DRUJ involvement, and involvement of ulnar styloid fracture. 
p value (Mann-Whitney test) <.0001 <.0001 <.0001 Statistical analysis was performed using the Mann-Whitney test. P value of <0.001 was considered significant for the purposes of this study.
RESULTS
Three hundred twenty-nine cases of distal radius fracture were studied, of which 206 were female and 123 male with a mean age of 54.3 years old (range 18-82y). One hundred ninety-five were left hand fractures and 129 right hand, while 5 cases involved fractures of both hands. In 136 (41.3%) patients there was associated DRUJ injury and 138 (42%) had associated fractures of the ulnar styloid process. There was severe dorsal replacement in 153 fractures. All fractures were classified after AO-ASIF Classification. (Table 1) All fractures were reduced so that the mean radial tilt was 20 degrees, ulnar variance was 0 mm and the mean palmar tilt was grade1. After two months there was loss of reduction in 171 cases (in type A3, B2, B3, C2, C3 injuries). This loss was more obvious in fractures which were associated with DRUJ injuries (Table 2) There was also correlation between loss of anatomic reduction and age of the patients. In patients >70 years, this loss is more obvious. There was no correlation between sex and loss of reduction. However, there was correlation between ulnar styloid process fractures and loss of anatomic reduction. Fractures of the ulnar styloid alone were not significant but when analysed with concomitant DRUJ injury, this was found to be a prognostic indicator of late instability. (Figure 1 )
DISCUSSION
With reference to fractures of the distal aspect of the radius, Dr. Abraham Colles stated, "One consolation only remains, that the limb will at some remote period again enjoy perfect freedom in all its motions, and be completely exempt from pain; the deformity, however, will remain undiminished throughout life 1 . Since 1814, there has been continuing controversy about the best method of treatment for distal radius fractures. A central issue throughout has been the relationship between the final anatomical and the final functional result 10 .
The various surgical techniques for treating fractures of the distal radius are aimed at reducing final deformity to ensure better anatomical results especially in more severe fractures. Most distal radial fractures are uncomplicated and effectively treated with closed reduction and immobilization in a cast. The goal of treatment is to restore the functional anatomy by a method that does not compromise hand function. In most Emergency Departments of Regional Hospitals, the majority of fractures of distal radius are treated conservatively.
In the present study, there was loss of reduction in a considerable number of cases even though there was good anatomic reduction. This loss of reduction is related to a number of factors, which must be considered before deciding on a course of treatment. Important factors to consider include fracture type, age, and involvement of DRUJ injuries and/or ulnar styloid injuries.
Several studies about DRUJ injuries indicate association with distal radius fractures. Mackenney et al 11 developed a formula to prognosticate late instability according to variables such as age, metaphyseal comminution and ulnar variance. We identified even more predictor factors of late instability in the present study. Patients with Colles' fractures, which extend into the DRUJ, have a worse prognosis.
There was also correlation between DRUJ injuries and loss of reduction, which was stronger in fracture types A3, C2, C3. Ligamentous structures around the DRUJ are strong stabilizers of the wrist joint, so any disruption of this mechanism may lead to instability. May et al 16 have shown that 11% to 19% of patients with distal radius fractures suffered from problems of the DRUJ following these injuries. Other authors also report that distal radius fractures with DRUJ involvement have a worse prognosis than those fractures without DRUJ instability 12 .
Our results show a weak correlation between ulnar styloid fractures and loss of reduction. This correlation becomes stronger when fractures of ulnae styloid are associated with DRUJ injuries. (Figure 1 ). That means a more massive ligamentous injuries and the grade of instability will be greater. The significance of the association of ulnar styloid fractures, with a worse outcome is also disputed. Furthermore, several studies have found no correlation between ulnar styloid fractures and the end result 13 .
Patient age is another predictor of late instability, as there were increased number of patients with late fracture collapse who were over 70 years old. Osteoporosis leading to bone comminution is the main factor of this collapse. With aging, the solid cortical segments of bone become brittle, and the porous trabecular bone takes a significant role in load transmission 14 . However, sex does not seem to be related with loss of reduction.
Hove et al. 15 analysed data for 645 conservatively managed distal radial fractures. Using multiple regression analysis, the authors found that the initial dorsal angulation, radial length, and patient age were predictors of malunion. Lafontaine et al. 16 reported the following as predictors of fracture instability: age (>60 years), dorsal angulation (>20°), dorsal comminution, intra-articular fracture (radiocarpal joint surface), and associated ulnar fracture. Again, all fractures in the study were initially displaced. Abbaszadegan et al. 17 calculated the independent significance of a range of factors, and found that ulnar variance, Lidstrom class
18
, and patient age proved to be the most important. The authors also quantified the risk of instability but only with respect to ulnar variance.
Another predictor of late instability of anatomic reduction is initial dorsal displacement. We found a strong correlation between initial dorsal displacement and late instability. However, the dorsal angle alone without comminution is not an important predictive factor. Jenkins 19 found that the position of the fracture at presentation was a good indicator of fracture position at union. He also found that the absence of dorsal comminution was protective against malunion in dorsal angulation. The grade of dorsal displacement and communition, except in fractures in which the distal fragment is dorsally translocated, is intimately related with further instability. This comminution of metaphysis explains also the late instability of the type A3 and C2, C3 fractures 20 .
CONCLUSION
Factors such as age, DRUJ involvement, ulnar styloid fractures associated with DRUJ involvement and initial displacement are predictive of reduction loss. Even with an acceptable primary anatomic reduction, there may be reduction loss in certain fracture types (A3, B2, B3, C2, C3), after two months. Knowing that these factors are predictive, can aid in early decision-making as to the method of treatment. As these fractures are at high risk of late collapse, early surgical treatment should be the treatment of choice.
Patients with low functional requirements are more likely to have only conservative treatment of these fractures.
